The genus Salix tends to be tolerant of herbivory, but severe outbreaks of herbivorous insects may 2 compromise growth. First documented in Alaska in 1991, the willow leaf blotch miner, Micrurapteryx 3 salicifoliella, is now responsible for frequent and widespread foliar damage to Salix in interior Alaska. 4
The genus Salix is common and ecologically important in interior Alaska. Common on floodplains 25 and disturbed sites, Salix is the major source of forage for browsers in Alaska, including moose, 26 snowshoe hare, and ptarmigan. During autumn and winter, willow stems are a critically important and 27 preferred food source for mammalian browsers (Peek 1974 amount of water to the controls. Insecticide application occurred when M. salicifoliella oviposition had 85 slowed but larvae were still in early instars. 86
In late July of each year, after M. salicifoliella larvae had ceased to feed, we assessed leaf 87 damage and leaf area on focal plants in a nondestructive manner. For every leaf on 2-3, haphazardly-88 chosen shoots per ramet, we noted leaf position and visually estimated the percentage of leaf area that 89 was mined and missing. Observers were tested to ensure accuracy of their estimates, as described 90 previously. Leaf length and width (at the widest point) were measured to the nearest mm. Leaf area was 91 calculated from species-specific predictive equations generated from a separate set of leaves. To 92 generate the predictive equation for each species, we digitally scanned 20-30 leaves, measured leaf 93 area, width, and length using image processing software (Image J, National Institutes of Health), and 94 regressed leaf area against leaf width, length, and the product of width and length (R 2 ≥ 0.98 in all 95 cases). The estimate of leaf area produced from our field measurements represents the potential area 96 available to capture light energy, prior to any tissue removal by herbivores. In August of each year, when 97 growth had largely ceased, we measured the average length of the three longest shoots per ramet. 98
In order to assess the effect of leaf mining by M. salicifoliella on leaf moisture, we measured the 99 moisture content of leaf samples from experimental and control ramets of the species S. arbusculoides 100 and S. bebbiana from a single study site (n = 80 ramets total). A single shoot was collected from each 101 ramet during early September, 2010. Leaves were assessed for mining damage as described above. All 102 leaves within a shoot were pooled and weighed to the nearest 0.01 g, dried to constant weight at 60° C, 103 then reweighed; leaf moisture content was calculated as the difference between fresh and dry mass 104 divided by fresh mass (×100). 105
Mortality and dieback were monitored during the course of making other measurements but 106
were not an intended focus of this study, which was too short in duration and too small in scope for a 107 robust test of herbivore-induced mortality.
D r a f t
For both the survey and experimental data sets, data were analyzed using general linear mixed 110 models. The goal of the survey data was to provide context for the experimental work by quantifying the 111 amount of leaf mining damage received by a wide range of Salix species during the two years of the 112 study. To this end, the percentage of leaf area mined was modeled with the fixed effects of Salix species, 113 year, and their interaction, the covariate leaf position, and the random effects of site and individual 114 ramet nested within species and year. The goal of the experimental study was to assess the cost of leaf 115 damage at naturally-occurring, relative to artificially-reduced, levels across the two-year span of the 116 study. Three dependent variables were analyzed separately: leaf area, leaves per shoot, and the average 117 length of the three longest shoots. The statistical model for leaf area included the fixed effects of 118 treatment, Salix species, and their interaction, the covariate leaf position, and the random effects of 119 year, site, shoot nested within ramet, and ramet nested within treatment and species. Models used to 120 analyze leaves per shoot and average length of the three longest shoots were similar but lacked leaf 121 position and shoot-within-ramet effects. To assess the impact of the experimental treatment on leaf 122 mining and feeding by non-target herbivores, we analyzed the dependent variables percentage leaf area 123 mined and percentage of leaf area removed by externally-feeding herbivores, respectively. These 124 variables were analyzed using the same model structure as leaf area. When relevant, means were 125 compared using Tukey HSD tests. 126
To assess whether leaf moisture was negatively related to leaf mining damage, we modeled the 127 average percentage leaf water as a function of average percentage leaf mining, Salix species, and their 128 interaction. Unlike the models described previously, the effect of treatment was not included in this 129 analysis. four species (Tukey's HSD, P < 0.05), though differences in the magnitude of the reduction among 157 species led to a significant species-by-treatment interaction ( Fig. 2; F [3, 236] = 5.44, P < 0.001). As a 158 percentage of leaf area affected, externally-feeding insect herbivores caused less damage than leaf 159 miners overall (Fig. 2) of the three longest shoots by 22%, relative to controls (Fig. 3, Table 1 ). There were no statistically 171 significant interactions between treatment and species for any of these variables (Table 1) . Ramet 172 mortality during the two years of the experiment was low. Across all 249 focal ramets, only 8 (3.2%) of 173 ramets died (6 controls and 2 treated). 174
Discussion 175
In this study, we demonstrate that natural levels of damage sustained during an outbreak of the 176 leaf miner M. salicifoliella reduced the performance of four susceptible species of Salix. Willows exposed 177 to ambient levels of herbivory were not more likely to die during the two-year experiment, but onD r a f t control plants subject to ambient levels of herbivory, the magnitude of damage caused by leaf miners 183 greatly exceeded that caused by externally-feeding insects. A similar pattern was detected in the survey 184 of natural leaf damage across Salix species. Second, the response to insecticide treatment was strong 185 and statistically significant for leaf mining but weak and marginally non-significant for external leaf 186
feeding. 187
Unlike some leaf mining species that confine feeding to non-photosynthetic tissues (Hering 188
1951), in their later instars M. salicifoliella consume the mesophyll, virtually hollowing the leaf. 189
Moreover, slits that late-instar M. salicifoliella larvae make in the lower leaf surface when they initiate 
